In this article, I argue that network centrality approaches can illuminate power processes in transnational security governance. Most approaches to power and centrality focus on the direct effects of the possession of resources or ties. By contrast, I argue that centrality can also inform how network structures constrain behavior through diffuse power processes. I illustrate my argument by replicating two important papers on socialization through democratic international organizations and producing order through alliance hierarchies. I demonstrate that using network conceptualizations and measurements of these processes allows for better connections between theory and empirics, more precise hypothesis testing, broadened scope, and improved models. I find that socialization by democratic IOs is more important than dispute resolution mechanisms in preventing conflict and that ordering through hierarchical structures occurs throughout the entire international alliance system.
Introduction
Like rational choice approaches, network analysis is not a unified set of theories about behavior but rather a framework for analysis based on a set of assumptions and tools that can be applied to an assortment of processes, from conflict to norm diffusion. It is grounded in three principles: nodes and their behaviors are mutually dependent, not autonomous; ties between nodes are channels for the transmission of resources; and persistent patterns of association among nodes create structures that can define, enable, or restrict the behavior of nodes. The underlying difference between network analysis and standard ways of analyzing processes is accordingly the use of concepts and indicators that identify associations among units rather than solely focusing on the attributes of the units. Networks are defined as any set or sets of ties between any set or sets of nodes; no assumptions are made about the homogeneity or other characteristics of the nodes or ties. Consequently, network analysis can be used to analyze any kind of ties, including market or hierarchical transactions. Beyond these basic principles, network analysis enables calculation of structural properties, such as centrality of nodes, groups, or the entire network. 
Networks, IR, and Centrality
As the methodology of network analysis continues to advance, so too do applications to the study of IR. 4 However, current network centrality approaches in IR remain wedded to a 'capabilities' model of political power. Network ties, in this approach, amount to an additional resource thatlike military hardware and hard currency stocks-actors may accumulate to enhance their influence. For example, a number of scholars have focused on how the centrality of NGOs enable some organizations to be much more important or effective than others. This is due to their ability to receive or spread information more quickly, their possession of exclusive ties to important actors, or the sheer number of ties to other organizations. 5 Other scholars have adopted a social network approach to analyzing patterns of conflict and cooperation between states. These approaches focus on centrality as an asset that can be used to coerce or convince other states due to a relative or absolute advantage in mobilization of support, a general indicator of status or prestige, or a conduit for important information on relative capabilities. 6 Such work provides important insights, but it downplays the structural character of networks and consequently misses important power processes. Indeed, one of the key purposes of network analysis is to measure social structure. If social structure is shorthand for relatively durable patterns 3 For a good overview of network analysis, see Scott 2012 . The most comprehensive, if slightly dated, technical overview is Wasserman and Faust 1994 . For recent additions to Wasserman and Faust, see Carrington, Scott, and Wasserman 2005 . For a much more concise and up-to-date reference, see Knoke and Yang 2008 ; also see Carrington and Scott 2011 . A useful online textbook is Hanneman and Riddle 2005 ; For an historical overview of the development of the field, see Freeman 2004 . 4 Notable recent work in IR using network analysis principles and techniques other than centrality includes Corbetta 2010; Cranmer, Desmarais, and Menninga 2012; Cranmer, Heinrich, and Desmarais 2014; Elkins 2009; Kinne 2013 Kinne , 2014 Manger, Pickup, and Snijders 2012; Oatley et al. 2013; Ward, Ahlquist, and Rozenas 2013; Ward, Siverson, and Cao 2007. 5 Böhmelt, Koubi, and Bernauer 2014; Carpenter 2014; Carpenter et al. 2014; Carpenter 2011; Lake and Wong 2009; Moore, Eng, and Daniel 2003; Murdie 2014; Murdie and Davis 2012; Carpenter this volume. 6 Dorussen and Ward 2008; Hafner-Burton and Montgomery 2006 Kim 2010; Maoz 2010, Ch.7; Maoz et al. 2007; Murdie, Wilson, and Davis 2016; Ward 2006 . But see Kinne 2012 for a conception of centrality as a constraint on action. of interaction, then network analysis provides a rigorous means of measuring structural variation.
7
Yet a significant number of international-relations applications of network analysis use relational data but conjoin it to an agent-centric understanding of power. Once a more relational ontology is adopted-one consistent with standard sociological interpretations of network analysis-we gain a fuller appreciation of the connection between power and networks. This allows us to use network analysis to talk about a variety of different dimensions of power, including how positions constrain as well as enable and how power can act in diffuse as well as direct ways. 8 Indeed, there exists very little consensus about what particular network positions provide actors with the greatest advantages or influence. This lack of consensus resides in the fact that network position, such as the centrality of a given actor, does not automatically translate into the possession of greater influence. Rather, the relative agency constituted by the positions of actors in networks-combined with the capacity to exercise the agency-determines whether power is possessed by those agents and whether they can successfully use that power.
To complicate matters, network analysis includes a panoply of different measures of centrality. Many of these were created to analyze specific networks or particular types of ties-and therefore often involve theoretical foundations that do not translate to other domains. 9 The communications-network origins of classic centrality measures, i.e., degree, betweenness, and closeness, means that while the behavior of these metrics are well understood, they must be retheorized when used in other domains. More recent measures often suffer from a lack of theoretical underpinnings or systematic testing of properties, making it hazardous to apply them across domains. These difficulties make it problematic to articulate clear connections between centrality and various phenomena.
Power and Centrality
These difficulties are particularly acute with respect to power, due to the relatively narrow conception of power in networks expressed by "power centrality."
10 This measure covers situations where being connected to other powerful individuals is most useful as well as situations where being connected to relatively isolated individuals is advantageous. It does not cover brokerage between two powerful, but not directly connected individuals or groups, nor does it evaluate the efficiency of propagation through a network. It is also intimately connected to the idea of power as a resource held by individuals rather than as a constraining force across entire networks. Calculation of power centrality also requires specification of parameters for which little clear theoretical or empirical guidance exists. Consequently, parameters are often chosen without any grounding in theory or practice, and so it is difficult to interpret the results in meaningful ways. It is a potentially useful measure of a particular conception of power, but does not exhaust the possibilities for power in centrality measures.
7 Neorealist approaches to the structure of the international system focus on the distribution of material properties, creating a structure that can be measured by the number and capabilities of great powers (Mearsheimer 2001; Waltz 1979) . However, these accounts do not exclude and are generally complementary to network conceptions of social structure; see Goddard and Nexon 2005; Hafner-Burton, Kahler, and Montgomery 2009; Hafner-Burton and Montgomery 2006. 8 Avant and Westerwinter (this volume) . 9 Attempts to provide theoretical foundations are often based on specific processes, e.g. Friedkin 1991. These often end up articulating additional measures whose properties are not wellunderstood. 10 Bonacich 1987.
Although the nature and source of power in networks has been discussed by many others across disciplines, these discussions have primarily to do with either the power of specific individuals or exchange relations.
11 Similarly, since centrality scores were originally based on communications networks, these metrics are commonly understood in the networks literature as prestige or status indicators of individuals rather than as indicators of underlying social structures. 12 Centrality measures cannot be assumed to mean the same thing when applied to networks of states as networks of overlapping executive boards or schoolchildren on the playground. Moreover, these notions of power are focused on individual agents and ignore wider processes that involve power that operates through structural constraints and pressures.
Consequently, I follow Duvall and Barnett in broadly defining power as "…the production, in and through social relations, of effects that shape the capacities of actors to determine their circumstances and fate."
13 This is a notion of power that bridges across the four faces of power, which were formulated historically rather than designed as a deliberate typology.
14 They divide power into two categories: the specificity of social relations of power (direct/diffuse) and how power is expressed (interaction/constitution). The first distinction very closely aligns to the problem faced by most centrality approaches: they treat power and centrality as "mechanistic, flush with contact, direct, or logically necessary." By contrast, diffuse approaches "allow for the possibility of power even if the connections are detached and mediated, or operate at a physical, temporal, or social distance." 15 By including not only direct and intentional effects but also diffuse and unintentional ones, this definition is a broad notion of power that, I argue, can be operationalized through centrality measures.
Centrality measures cannot be directly mapped onto the direct/diffuse distinction. However, it is possible to tease out some basic guidelines for conceptualizing and measuring power processes through centrality. In general, direct relations may involve political effects that can be captured by a centrality metric that weighs proximate ties more heavily than more distant ones, while analyzing power processes due to diffuse relations might call for a metric that takes into account more indirect ties. For example, degree centrality is a sum of the strength of the ties immediately connected to a given individual and so is direct. 16 Eigenvector and power centrality also focus on immediate ties but are somewhat more diffuse, since they also take into account the centrality of those actors as well.
17
Betweenness measures the importance of an actor by determining the number of geodesics (shortest paths) that actor is on between all pairs of actors in a network. It is consequently more diffuse than degree, eigenvector, and power measures. But it still favors some paths over others; flow betweenness corrects this by taking into account all possible paths (even those that are not the shortest) between every pair and therefore is even more diffuse. Actors with high closeness centrality have short paths between them and all other actors, and information central actors have short paths over strong ties, and so both depend on the structure of an entire network component. As a result, these are very diffuse measures, although they emphasize slightly different types of diffusion. 18 The choice of which metric to use will depend on the particular type of power processwhether it is through access to other important actors (e.g., degree, eigenvector, and power), brokerage between unconnected groups (e.g., betweenness and flow betweenness), or speed of diffusion through a network (e.g., closeness and information).
19
Power works through the ties studied in this article (international organizations) through both direct and diffuse relations. To begin with the simplest concept, mutual membership in a given organization allows for direct interaction between states that belong to the organization. This measure is typically interpreted as the tie strength among these states. These ties enable power processes through, e.g., dispute resolution mechanisms and direct, regularized interactions between states. Through frequent interactions, states can socialize each other to norms of behavior due to having more access to each other; the more organizations that both belong to, the greater the chance of socialization.
But looking at the effects of interactions over a large set of organizations adds a second component of socialization. In addition to direct interactions between states, diffuse power processes come into play. Organizations not only provide mechanisms and meeting places, they also socialize states through the teaching of appropriate behavior. Organizational membership both provides identities for states through membership and teaches regulatory norms. 20 Overall organizational membership of an individual state thus provides a measure of the diffuse structural pressures placed on that state to conform to the rules and norms of those organizations. These rules, norms, and ideas of appropriate behavior then act as an aggregate structural constraint on the actions of those states. While socialization is ultimately a process that involves the internalization of rules and norms even in the absence of structural constraints, 21 the effects of constraints in behavior should be observable even prior to internalization.
However, these are not the only mechanisms through which membership operates. Exclusion is often as important as inclusion, and so while membership produces effects, nonmembership also can produce effects, whether in a single organization or across multiple Russett. 17 In a sense, these could be seen as very diffuse, since ultimately the centrality of actors throughout an entire network component is affected by the addition or subtraction of a single tie. However, the effects of doing so drop off significantly with increased distance.
18 See Kinne 2012 for a conceptualization of closeness centrality in trade networks as a constraint on disputes.
19 For overviews of degree, betweenness, closeness, and information centrality see Wasserman and Faust 1994, Ch.5 . For eigenvector and power centrality, see Bonacich 1987 . 20 Finnemore 1996; Gheciu 2005; Lewis 2005; Meyer et al. 1997; Powell and DiMaggio 1991. 21 Successful socialization depends on the internalization of these diffuse, external constraints (Schimmelfennig 2000 (Schimmelfennig , 2005 , and can best be observed in the absence of those constraints.
organizations. To take an extreme example, exclusion of certain states from international organizations-whether by their choice or not-can make certain states structurally weak, placing them in the categorical roles of being pariahs, rogues, and outlaws. This constrains behavior of both the included and the excluded through (among other mechanisms) role expectations. The role of a given state likely depends on the density of ties in multiple, intersecting networks, rather then just in organizations, but the latter are often a crucial determinant; the most obvious example is that UN membership is usually taken as an indication of stateness itself.
It does not necessarily require a large number of organizational ties for a state to be structurally powerful, nor do states have to be entirely excluded from all international organizations to be positioned in roguish categorical roles. For example, being a member of two organizations with otherwise disjoint membership makes a state a structurally powerful broker between those organizations or the states within them. Brokerage thus creates hierarchies of influence, with dominant and subordinate roles. 22 Yet highly central network positions are not only a source of influence for the central actors; they also create constraining effects for each actor depending on their positions over the entire network. For example, with divide-and-conquer rule comes the expectation of the provision of collective goods by the most central actor. 23 Subordinate positions may face varying degrees of pressures to contribute as well, while those outside the entire network face an entirely different set of pressures due to exclusion. Brokers may experience role strain if they cannot act in consistent ways across multiple sets of role expectations; such positions are tricky to navigate, and may prove disastrous if multivocal strategies come apart. 24 Selective inclusion and exclusion from some organizations but not others thus also creates important brokerage effects.
The distribution of organizational ties thus helps to order international relations by placing states in particular roles. These roles are often overlooked by approaches that examine membership in individual organizations or sum up the total number of organizations a state or pair of states belong to. These approaches ignore the emergent effects of nominally symmetrical international organization membership. In aggregate, patterns of organizational ties constitute a dominance ordering over the entire system. This ordering constrains not only the ostensibly isolated and weak but also the apparently powerful by exerting pressure on both to fulfill particular roles associated with those positions.
Applications to International Politics
International relations scholars can-and should-use measures of network centrality to test theories about power processes. In this section, I highlight two examples where a network centrality approach informs existing exemplary research by offering new insights into power politics. In each of these applications, I use the original methodology and add or substitute the appropriate network measure(s) that can extend the research. Ideally, network models include the dynamics of the network itself, treating the evolution of the network as endogenous. 25 However, in order to produce 22 Brokerage power is not limited to inter-state relationships. As the contributions of Avant and Westerwinter in this volume illustrate, brokers also emerge and exert influence on governance in situations where state and non-state actors in various configurations collaborate to govern an issue area.
23 MacDonald 2014; Nexon and Wright 2007. 24 On multivocality and the manipulation of identity and interests in networks by brokers, the classic study is Padgett and Ansell 1993. On an international scale, and particularly for contrasts between successful and unsuccessful attempts, see Goddard 2009 . For recent work that incorporates multivocality into wider frameworks, see Padgett and Powell 2012. 25 Recent models are able to model cross-sectional network dynamics; see, in particular, the results that are as directly comparable as possible to the original results, I limit the scope here to direct replication and extension. Finally, while my analyses here use binary connections (whether an alliance exists or not, and whether a state belongs to an international organization), many of these measures can be generalized to valued flows as well.
Democratic Socialization through International Organizations
It is a long-standing controversy whether or not joint memberships in international organizations (IOs) reduce violence between states. On one side of the controversy are scholars who argue that IOs stave off wars between members. They allow states to communicate information and facilitate bargaining, provide states with mechanisms to make credible commitments and resolve disputes, and expand states' understandings of identity and self-interest. 26 On the other side of the controversy are scholars that see IOs either as epiphenomenal or as exacerbating conflicts between members by increasing competition over resources and aggravating longstanding differences.
27
In a seminal article, Jon Pevehouse and Bruce Russett propose a theory about IOs composed mainly of democracies.
28 They argue that densely democratic IOs are far more likely to bring about peaceful relations between members than are IOs with a smaller proportion of democracies. To test their theory, Pevehouse and Russett measure IOs from 1885 to 2000, counting joint dyadic membership in IOs whose members' average level of democracy is equal to or greater than 7 on the Polity scale. Their statistical results show that for a given dyad, the more joint memberships in IOs composed of democracies they possess, the less likely it is that the states in the dyad will engage in fatal militarized international disputes. From these results, the authors conclude that densely democratic IOs help quell violent conflict between member states in ways that other IOs do not. Pevehouse and Russett acknowledge that their statistical results cannot explain how democratic IOs help keep the peace. This metric measures multiple different aspects of intergovernmental relations at the same time: indicators of trust, shared interests, willingness to cooperate, and so forth. Consequently, it is a noisy indicator, and as with all indicators, must be carefully unpacked.
29
Their theory is that democratic IOs 1) monitor members' behavior and prevent autocratic backsliding; 2) provide dispute settlement and mediation mechanisms; and 3) socialize members to trust each other and find peaceful alternatives to deal with potential conflicts. The first two mechanisms are straightforward, direct applications of power, and are properly measured through joint democratic IOs; the third, however, not only requires a different measure, but could either be direct (states socializing each other) or diffuse (organizations socializing the states) applications of power. A centrality approach can help to differentiate this third mechanism.
It is difficult to measure socialization directly, but it is possible to measure the totality of the structural pressures that any particular state (or other actor) is subject to due to a network. In the IO ergm and latentnet packages in statnet: Handcock et al. 2008 . There are two general classes of models that currently simulate full longitudinal network dynamics along with behavior: Stochastic Actor-Oriented Models (SAOMs, see Snijders, van de Bunt, and Steglich 2010) . and Temporal Exponential Random Graph Models (TERGMs, see Cranmer and Desmarais 2011) .
26 Dorussen and Ward 2008; Keohane and Martin 1995; Martin and Simmons 1998; Oneal, Russett, and Berbaum 2003; Oneal and Russett 1999; Russett and Oneal 2001; Russett, Oneal, and Davis 1998. 27 Boehmer, Gartzke, and Nordstrom 2004; Hafner-Burton and Montgomery 2006; Mearsheimer 1994; Ward, Siverson, and Cao 2007. 28 Pevehouse and Russett 2006 29 I thank Deborah Avant and Oliver Westerwinter for pointing this out.
literature, socialization is defined as a "process by which actors acquire different identities, leading to new interests through regular and sustained interactions within broader social contexts and structures." 30 I create two measures to reflect diffuse (by democratic IOs) and direct (by by democratic states in IOs) socialization. To gauge the diffuse socialization pressures on states by democratic IOs, I set the variable Democratic IO Socialization to the indegree centrality of states in the two-mode state-Democratic IO network. Although one-mode indegree centrality is a direct measure, here two-mode indegree centrality is an indirect and diffuse measure since it is the institutions rather than the states who created those institutions who are the agents of socialization. Two-mode indegree centrality is the total number of incoming ties from democratic IOs for each state (i.e., the number of democratic IOs they belong to). If x ij is the strength of the tie between actors i and j, then the indegree centrality of actor i is:
States may also socialize each other directly through interactions in IOs. In this conceptualization, IOs are simply venues for socialization and so the effect is direct rather than diffuse. I measure this democratic socialization effect for a given target state by summing up the number of democratic states (polity score equal to or greater than 7) in each IO the target state belongs to. This results in the variable Democratic State Socialization. For both variables, I hypothesize that a weak-link mechanism operates: the extent to which either socialization mechanism could dampen down conflict depends on the less-pressured member of a dyad. Figure 1 illustrates the distribution of the values of these two variables relating socialization, IOs, and conflict. The number of incoming ties for each state indicates Democratic IO Socialization, i.e., the number of democratic IOs each state belonged to in 1950 (e.g., Switzerland has 3, while Turkey has 2). The node size is proportional to Democratic State Socialization the same year. Some states are potentially open to socialization by multiple democratic IOs, but not Democratic State Socialization (such as Pakistan and Sri Lanka), whereas others are likely to be socialized by democratic states but possess few ties to democratic IOs (e.g., Norway). Centrality measures can thus be used to determine whether it is simply democratic IOs themselves, ties from democratic states in IOs, or both that dampen conflict. 30 Bearce and Bondanella 2007, 706 31 Wasserman and Faust 1994, 178 Only two out of the three effects-both Joint Democratic IOs and Democratic IO Socialization, but not Democratic State Socialization -are statistically significant. Since the first two cannot be run together in a single model, I used the models where each was tested separately to determine substantive significance. In each case, I compared the base rate of fatal MIDs to the rate when the variable of concern was raised from the median to the 95% level.
34 Joint Democratic IOs decreased the probability of a fatal militarized dispute by 14% in Model 1, while Democratic IO Socialization decreased it by 24% in Model 2.
Degree centrality measures thus shed new light on Pevehouse and Russett's theoretical model, providing a better connection between theory and empirics and more precise hypothesis testing: it allows a way to measure two different variants of the socialization mechanism as distinct from the credible commitment or dispute settlement mechanisms. The authors' original results hold up: the general relationship between democratic IOs and conflict is negative and statistically significant. The additional results show that the relationship between conflict and Democratic IO Socialization is not only in the same direction, but is more substantively significant and an improved model as well. It is clearly the organizations themselves and not simply exposure to individual states in the organizations that is causing the socialization effect. In other words, democratic IOs are shaping the identities and interests of other states in the network through socialization: the diffuse effects of power matter more than the direct effects.
International Order through Alliance Hierarchies
The diffuse effects of power are not limited to enabling or constraining disputes; the distribution of ties across international institutions can also order international relations and create hierarchies. Many important historical and contemporary international actors, such as empires, dependencies, and protectorates interact with each under hierarchical, rather than anarchical, relationships.
35 In these relationships, one state subordinates some or all of its sovereignty to a dominant state in exchange for social order. David Lake develops a groundbreaking theoretical framework for identifying and understanding hierarchies. 36 His theory is that the legitimate authority of the dominant state in a hierarchy relationship rests on the provision of a stable international social order for the subordinate, lessening their need to spend on defense. To test his theory, Lake measures alliance hierarchies from 1950 to 2000 by counting up the number of alliance partners that each subordinate has that are not also partners of the dominant state-in this case, the United States. He divides 1 by this number to produce a measure of hierarchy vis-à-vis the United States, where higher values represent fewer independent (or politically autonomous) alliances and thus greater hierarchy. He uses this measure to show that states subordinate to the United States in international alliance hierarchies are likely to spend less on defense.
Lake's analysis derives hierarchies from states' network positions. His measure of alliance hierarchies is closely related to a network concept (structural similarity) that is better used to determine whether two actors hold similar network positions rather than whether one actor is dominant over the other. 37 Network centrality, and in particular flow betweenness, offers an alternative that provides for generalization of Lake's theory to the entire international system. In Lake's theory, hierarchy is present when the subordinate state has either weak or no independent ties to other states-i.e., when the dominant state acts as a broker between the subordinate state and other states. What makes an empire or colonial attempts successful is the creation of strong ties with subordinate units, while fragmenting or minimizing ties between the subordinates. 38 Yet this powerfully affects both units: the subordinate can decrease its defense efforts and extract concessions from the dominant, while as the broker, the dominant must compensate for this by increasing its efforts. 39 The extent of this brokerage role can be measured through betweenness. In this case, the most appropriate measure to test this theory is flow betweenness centrality, since it considers all possible paths for brokerage instead of simply the most direct (shortest) ones. Flow betweenness is derived from the capacity of every pathway that connects each actor to every other actor. The maximum flow m jk between two actors j and k is the minimum of (1) the direct flow out of j and into k and (2) the capacity of each path between the intermediate actors, where the capacity of a series of ties is equal to the strength of the weakest tie. If m jk (n i ) is the maximum flow between j and k that passes through node i, then where j<k and i≠j≠k, then the flow betweenness of node i in a graph of g nodes is:
40 35 The current US basing network is one; see Cooley and Nexon, this volume. 36 Lake 2009; Lake 2007 . 37 Lake uses a measure derived from an intermediate step in the process of calculating the "S" similarity of alliance portfolios (Signorino and Ritter 1999 Freeman, Borgatti, and White 1991, 148 .
∑ This is standardized to the range (0,1) by dividing it by the total flow between all actors where actor i is neither a origin nor a destination: Figure 2 illustrates the advantages of using flow betweenness to measure hierarchy. In 1950, the United States was the sole broker between European and Latin American countries. While structural similarity captures some useful aspects of the alliance network, flow betweeness allows us to distinguish between a state that is only allied to one country (for example, Mongolia to the USSR) and a state that is allied to many countries other than the United States, whether through the same alliance or not (for example, Brazil is allied to 19 other states as well as to the United States). Conventional betweenness centrality does not distinguish between these two cases, since it calculates only the shortest, most direct path. Moreover, it measures the diffuse effects of alliances, since changes in any part of the international alliance structure can potentially alter the flow betweenness of a given state, regardless of how distant. NOTE: Only states that have at least one alliance are pictured. Graphs plotted using the sna package in R. 41 This brokerage measure can be used to determine whether hierarchical relationships have a diffuse effect throughout the international system, or whether the effect is only direct for states that are specifically subordinate to the most central state in the network, the United States. Lake tests whether states subordinate to the United States will spend less on their defense effort; I extend this hypothesis with respect to all subordinate states, as well as all dominant states. I also test whether there is a separate, stronger effect specific to the lead state; that is, whether subordinate states that are allied to the United States will make even less of a defense effort than states that are in otherwise similar positions that are not allied to the United States. Finally, to distinguish between marginal states that are entirely dependent on one other state (such as Iraq in the figure above), which have a flow betweenness of zero, and states that are complete isolates with no alliances, which also have a flow betweenness of zero, I include a dummy variable for having no allies. 41 Butts 2013. Table 2 illustrates the results. Model 1 of Table 2 replicates Lake's (2007) analysis (his model 3 on page 74), in which the dependent variable is defense spending as a percentage of GDP.
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Following Lake, I test for a unique U.S. effect in Model 2. These results provide additional support for Lake's findings. Simply being allied to the most powerful state (in this case the United States) decreases the defense effort by about the same as Lake's index of independent alliances. There is something special about being in a subordinate relationship to the US that affects military spending. It is possible that US alliances are more voluntary than others; for example, the USSR's allies during the Cold War had to be kept in line through coercion. The relationship between the US and its allies may involve more trust, which can reflect a qualitatively different role relationship that permits even less defense spending than usual. Alternatively, simply being allied to the most powerful state in the system may have an additional effect.
What about hierarchical relationships with states other than the US? Model 3 replaces Lake's measure of US alliance hierarchies with the variable Alliance Flow Betweenness, measuring the effects of strong and weak brokerage positions throughout the entire network, while also including a dummy for states with no alliances (No Allies) at all. If the international alliance system had hierarchical effects but not a US-specific effect, we would expect the estimate for flow betweenness to be positive and significant. While it is indeed in the right direction, in this regression it lacks significance.
If there is a general effect of alliance hierarchy, it may be masked by the US-specific alliance effect seen in Model 2. In Model 4, I control for the US-specific alliance effect, including the variable US Ally. I find that flow betweenness is positive and significant. States with low centrality (flow betweenness) in the alliance network-those more dependent on others-are likely to spend less on their military than other states, just as Lake predicted. Conversely, states with high centrality (in Figure 2 , the United States, the USSR, the UK, France, and Egypt) are likely to spend more. States with no alliances at all, however, also make less of a defense effort in Models 2, 3, and 4-this may be an effect of being minor states that are less involved in the international system and are operating outside of the structural power dynamics that constrain both dominant and subordinate.
The magnitude of these effects is substantial. The average alliance flow betweenness centrality for states that possess at least one alliance is 0.0154 (about Libya in 1989). The maximum flow betweenness centrality by a state other than the US is 0.188 (France in 1963), while for the US the maximum is 0.476, reached in 1955. Moving from the mean to the minimum (zero) decreases a state's defense efforts by about a half a percent of GDP, while moving from the mean to the French level in 1963 increases it by about 4.7 percent of GDP; increasing it to the maximum US level leads to an increase of 12.5 percent of GDP. AIC tests are unavailable in STATA for the class of models used in this estimation, but Pseudo-R 2 scores indicate an improved model fit across my three models.
These centrality measures thus build upon Lake's important findings by making better connections between theory and empirics, improving model fit, and broadening the scope of his theory by extending it to include diffuse effects across the entire international system as well as direct effects. States with higher flow betweenness centrality are likely to spend more on their military than other states, while states with low flow betweenness spend less. But there is something special about the US alliance hierarchy, which provides bigger incentives for subordinates to spend less on defense. This may be a hegemonic effect rather than a US-specific effect, but during the time period studied, these are indistinguishable.
Conclusion
A network approach to measuring the influence of institutions has much to offer the study of transnational governance and security. Theoretically, it allows for an expanded notion of power that takes into account the diffuse effects of institutional networks as well as the direct ones. Empirically, centrality measures can offer scholars a way to analyze power effects that come from both diffuse and direct structural constraints placed on agents by their network positions rather than their possession of resources. Network conceptualizations and measurements of these processes allows for better connections between theory and empirics, more precise hypothesis testing, broadened scope, and improved models.
As a small but growing number of scholars are beginning to realize, a centrality approach is fundamentally changing the way the core of political behavior in IR can be conceptualized and analyzed, from conflict to markets to norm diffusion. I have demonstrated this through extensions of research on two different structural effects by international institutions: socialization to different interests and identities by democratic international organizations and ordering the international system through hierarchies of alliances. A centrality approach shows that socialization by democratic IOs is more important than dispute resolution mechanisms in preventing conflict and that ordering through hierarchical structures occurs throughout the entire international alliance system. Here, it is a complement rather than a wholesale replacement for existing theoretical notions and measures; centrality alone cannot account for the unique role of the US in the international system. Although my analysis here is limited to diffuse power and centrality measures, network analysis offers a wide array of theoretical concepts and complementary structural measures of positions within networks. The particular measure here, centrality, can inform debates not only on politics but also on any other issues that involve network ties. Moreover, network methodologies can account for structures of complex interdependence. The results here are inherently preliminary in that they only represent a partial inclusion of network methodologies; since even long-standing results like the democratic peace have been already demonstrated to be an artifact of network structures, 43 probably no dyadic result is safe until tested using the full range of network tools. Presently, network analysis remains underused and underappreciated, although a growing community of scholars is taking up network tools and applying them to the study of politics, particularly in International Relations. The potential for theoretical and empirical innovation for the field, however, is vast. Network analysis offers new insights into the nature of power politics as a set of relations among actors at all levels involved in relationships of all kinds, while network methodologies in general, and centrality concepts in particular, offer new ways to measure and test long-standing concepts and theories that have yet to be fully explored.
